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Abstract 
Economic feasibility for the development of wind energy potential into wind farm in coastal area of South Purworejo is strategic 
for Indonesia. The methods used were analysis and evaluation study which involve three analyses, i.e. economic analysis based 
on scenarios, risk, and sensitivity. The results of the economic analysis based on Scenario 1 with net present value are          
USD 70 422 642.29 and internal rate return value is 11.38 % which serves as the most optimal result. Analysis that considers the 
obtained risk has probability distribution of internal rate return is above the discount rate reaching 89.3 %. 
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Nomenclature 
Ci cash inflows    m metre (BPIM spelling) 
Co cash outflows    MW megawatt 
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Cit cash inflows in period t   MWh megawatt hours  
Cot cash outflows in period t   N number of values 
I discount rate    NPV net present value 
IEA international energy agency  O & M operation and maintenance 
IRR internal rate of return   Prated rated power output of wind turbine generator 
kW kilowatt     S salvage value 
kWh kilowatt hours    t number of periods  
Lcol length of column    T number of periods 
Lrow length of row    USD united states dollar 
 
1. Introduction 
Wind energy has become very popular in the last few years for several reasons, namely the environmental 
concerns, the increase in the price of fossil fuels, and the desire of the developed countries to minimize their 
dependence on fossil fuels imported from foreign countries. The implementation of wind energy technology in 
Indonesia is still low. The total wind power generation installed in Indonesia is around 1.6 MW in non-commercial 
scales [1]. The result of study “Optimized design of wind turbine and wind farm configuration: a case study for 
coastal area of South Purworejo, Indonesia” shows that wind turbine type with rotor diameter 113 m and Prated  is      
3 MW, and this type has a capacity factor approximately 34.22 %, and produces maximum power output; thus, this 
type has the biggest result about 1.03 MW [2]. Wind farm configuration with size Lrow = 4 000 m and Lcol = 1 000 m 
with 42 turbines, produces total energy about 363 382.71 MWh · (yr)–1, and it has the most optimal result [2]. 
2. Economic optimization modelling approach 
The Net Present Economic analysis from an investment with cash flow analysis describes the cash flow return of 
investment during the utilization of wind turbine. All calculations are based on various assumptions in the future 
such as production annual energy of wind turbine, price energy, and recent inaccurate bank rate level. Therefore, 
economic analysis follows the sensitivity analysis which considers the risk and opportunity in investment. The NPV 
is the sum of all discounted cash flows associated with the project. The general equation is written as [3, 4]: 
 
                                                                                                                                                                                 (1) 
 
 
If at the end of n year value S remains, hence the 1st equation becomes: 
 
                                                                                                                                                                                 (2) 
 
 
S is salvage value. 
 
IRR obtained with the level of discount rate show the value NPV = zero. 
 
                                                                                                                                                                                      (3) 
 
IRR is internal rate of return. 
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3. Method 
The methods used were economics analysis and evaluation study which involve three analyses, i.e. (i) economic 
analysis based on scenarios, (ii) economic risk analysis, and (iii) economic sensitivity analysis. Economic analysis 
describes of the cash flow return of investment during the utilization of wind turbine. All calculations are based on 
various assumptions in the future such as production energy annual of wind turbine, price energy, the bank rate level 
which cannot be accurately calculated in this time. The data about values and assumptions are given in Table 1. 
 
Table 1. Values and assumptions are data for inputs 
No Item description Value Assumptions 
1 Salvage value  20 % 
Salvage value assumed 20 % of original capital cost based on the assumption of IEA 
[5]. 
2 Tax rate 28 % The prevailing corporate tax rate in Indonesia, which is 28 %, is used [6].  
3 Debt payment period (years) 10 The loan duration is generally low in Indonesia, so it assumed 10 years [7].  
4 Debt portion 50 % 
Based on the general acceptance, it assumed 50 % [8].  
5 Equity portion 50 % 
6 Project Lifetime (years) 20 The common lifetime in the literature [7, 9-12]. 
7 Depreciation period (years) 20 It is assumed to be equal to the economic lifetime.  
8 Price {(kWh)–1} USD 0.11 
Minister of Energy and Mineral Resources Regulation for geothermal price is assumed 
similar to the price of wind energy in Java at USD 0.11 · (kWh)–1 (high voltage) [13]. 
9 Discount rate  7.5 % Bank Indonesia rate [14]. 
10 Loan rate 12.28 % Assumed from state banks’ rate [15]. 
11 Capital Investment Cost            * Range values between USD 1 700 to 2 450 · (kW)–1 [11, 12, 16, and 17]. 
 Wind Turbine Cost Share 74 %  
 Grid connection Cost Share 11 %  
 Construction Cost Share 9 %  
 Other Capital Cost Share 7 %  
12 O & M cost {(MWh)–1} USD 16.24 The mean of different values ranging from USD 9 to 22 · (MWh)–1 [7]. 
* Depending on the scenario 
3.1. Economic analysis based on scenarios 
This study uses three scenarios, i.e. (i) the lowest price of capital investment cost is USD 1 700 · (MW)–1 at the 
highest electricity selling price to the government, about USD 0.11 · (kWh)–1 (ii) mean price Capital Investment 
Cost is USD 2 075 · (MW)–1 at the average selling price to the government approximately USD 0.11 · (kWh)–1 (iii) 
highest prices capital investment cost is USD 2 450 · (MW)–1 at the highest electricity selling price to the 
government, about USD 0.11 · (kWh)–1.  
3.2. Economic risk analysis 
Risk analysis uses Monte Carlo simulation based on @RISK. This analysis coverage several items such as capital 
investment cost, debt portion, equity portion, O & M cost (Operation and Maintenance cost), and loan rate. The data 
values and assumptions used for the risk calculation are shown in the following Table 2. 
 
Table 2. Data values and assumption for the risk factor 
No Item Description Value Distribution Minimum Maximum 
1 Salvage value 20 % Fixed   
2 Tax rate 28 % Fixed   
3 Debt payment period (years) 10 Fixed   
Continued on next page 
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Table 2. Continued 
No Item Description Value Distribution Minimum Maximum 
4 Debt portion  Value charge depended result of  equity portion 
5 Equity portion * Uniform 20 % 50 % 
6 Lifetime (years) 20 Fixed   
7 Depreciation period (years) 20 Fixed   
8 Discount rate  7.5 % Fixed   
9 Loan rate  * Uniform 10.09 % 12.2 % 
10 Capital Investment Cost {(kW)–1} * Uniform USD 1 700 USD 2 450 
 Wind Turbine Cost Share 74 %    
 Grid connection Cost Share 11 %    
 Construction Cost Share 9 %    
 Other Capital Cost Share 7 %    
11 O & M cost {(MWh)–1} * Uniform USD 9 USD 22 
12 Price {(kWh)–1} USD 0.11 Fixed   
* It varies based on simulation result 
3.3. Economic sensitivity analysis 
Sensitivity analysis which takes account of risks listed in Table 2 is further analysed to predict what would 
happen if changes such as capital investment cost, weight of debt, weight of equity, O & M cost, and also loan rate 
are found, using Monte Carlo simulation based on @RISK. 
4. Result and discussion 
Optimization results considering economic feasibility consists of three results: (i) Results of economic 
optimization based on scenarios, (ii) Results of economic optimization which is based on risk analysis, (iii) Results 
of economic optimization which is based on sensitivity analysis.   
4.1. Result of economic optimization based on scenarios 
The result is gained from the area with size Lrow = 4 000 m and Lcol = 1 000 m. It is further obtained that  
Scenario 1 obtain an IRR of 11.4 % and a NPV of USD 70 422 642.3 as it is shown on Table 3. With Scenario 2, it 
is obtained that an IRR is 8.93 % and a NPV is USD 30 792 221.7 as shown on Table 4. With Scenario 3 it is 
obtained that an IRR is 7.15 % and a NPV is USD -8 838 199.6 as shown on Table 5. 
 
Table 3. Free cash flow of Scenario 1 for area Lrow = 4 000 m and Lcol = 1 000 m 
No Item Description 0 1 10 20 
1 Project’s before tax cash flow  
 a. Cash inflow  
     Revenue  (USD)  39 972 098.1 39 972 098.1 39 972 098.1 
 b. Cash outflow     
     Capital Costs (USD) -214 200 000    
     O & M Costs (USD)  5 901 335.2 5 901 335.2 5 901 335.2 
 Before tax cash flow (USD) -214 200 000 34 070 762.9 34 070 762.9 76 910 762.9 
2 Project’s taxation cash flow     
 Depreciation (USD)  8 568 000 8 568 000 8 568 000 
Continued on next page 
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Table 3. Continued 
No Item Description 0 1 10 20 
 Depreciation (USD)  8 568 000 8 568 000 8 568 000 
 Taxable income (USD)  25 502 762.9 25 502 762.9 25 502 762.9 
 Tax to be paid (USD)  7 140 773.6 7 140 773.6 7 140 773.6 
3 Project’s after tax cash flow     
 After tax cash flow (USD) -214 200 000 26 929 989.3 26 929 989.3 69 769 989.3 
4 Net Present Value (NPV)      
 NPV (USD) 70 422 642.3 
5 Internal Rate Return (IRR)     
 IRR (%) 11.4 
 
 
Table 4. Free cash flow of Scenario 2 for area Lrow = 4 000 m and Lcol = 1 000 m 
No Item Description 0 1 10 20 
1 Project’s before tax cash flow     
 a. Cash inflow     
     Revenue  (USD)  39 972 098.1 39 972 098.1 39 972 098.1 
 b. Cash outflow     
     Capital Costs (USD) -261 450 000    
     O & M Costs (USD)  5 901 335.2 5 901 335.2 5 901 335.2 
 Before tax cash flow (USD) -261 450 000 34 070 762.9 34 070 762.9 86 360 762.9 
2 Project’s taxation cash flow     
 Depreciation (USD)  10 458 000 10 458 000 10 458 000 
 Taxable income (USD)  23 612 762.9 23 612 762.9 23 612 762.9 
 Tax to be paid (USD)  6 611 573.1 6 611 573.1 6 611 573.1 
3 Project’s after tax cash flow     
 After tax cash flow (USD) -261 450 000 27 459 189.3 27 459 189.3 79 749 189.3 
4 Net Present Value (NPV)      
 NPV (USD) 30 792 221.4 
5 Internal Rate Return (IRR)     
 IRR (%) 8.93 
 
Table 5. Free cash flow of Scenario 3 for area Lrow = 4 000 m and Lcol = 1 000 m 
No Item Description 0 1 10 20 
1 Project’s before tax cash flow     
 a. Cash inflow     
     Revenue  (USD)  39 972 098.1 39 972 098.1 39 972 098.1 
 b. Cash outflow     
     Capital Costs (USD) -308 700 000    
     O & M Costs (USD)  5 901 335.2 5 901 335.2 5 901 335.2 
 Before tax cash flow (USD) -308 700 000 34 070 762.9 34 070 762.9 95 810 762.9 
2 Project’s taxation cash flow     
 Depreciation (USD)  12 348 000 12 348 000 12 348 000 
 Taxable income (USD)  21 722 762.9 21 722 762.9 21 722 762.9 
 Tax to be paid (USD)  6 082 373.6 6 082 373.6 6 082 373.6 
3 Project’s after tax cash flow     
Continued on next page 
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Table 5. Continued 
No Item Description 0 1 10 20 
 After tax cash flow (USD) -308 700 000 27 988 389.3 27 988 389.3 89 728 389.3 
4 Net Present Value (NPV)      
 NPV (USD) -8 838 199.6 
5 Internal Rate Return (IRR)     
 IRR (%) 7.15 
 
The economic analysis based on Scenario 1 and Scenario 2 have a positive NPV and IRR which are above the 
discount rate (feasible to be implemented), whereas Scenario 3 has a negative NPV and IRR which are below the 
discount rate (not feasible to be implemented) as shown on Table 6.  
 
 Table 6. Result of three scenarios 
Description Area Lrow = 4 000 m and Lcol = 1 000 m 
Scenario 1  
NPV(USD) 70 422 642.3 
IRR (%) 11.38 
Scenario 2  
NPV(USD) 30 792 221.4 
IRR (%) 8.93 
Scenario 3  
NPV(USD) -8 838 199.6 
IRR (%) 7.15 
4.2. Results of economic optimization based on risk analysis 
The risk analysis result conducted by Monte Carlo simulation using @RISK with iteration of 10 000 describes 
the distribution of NPV shown in Fig.1. The result of probability distribution shows positive NPV of 89.3 % and the 
NPV mean value is USD 32 765 965.8. The analysis result from Monte Carlo simulation using @RISK with 
iteration of 10 000 describes the distribution of IRR shown in at Fig.2. The result of probability distribution of IRR 
is above the discount rate of 89.3 % and the IRR mean value of 9.12 %. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. The histogram NPV for risk analysis with iterating 10 000 
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Fig. 2. The histogram IRR for risk analysis with iterating 10 000 
4.3. Results of economic optimization based on sensitivity analysis 
The sensitivity analysis of Monte Carlo simulation using @RISK with iteration of 10 000 describes mean of NPV 
and percentage change of NPV for sensitivity analysis as shown in Fig.3.  
 
 
          a                                                                               b 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. (a) The mean of NPV for sensitivity analysis; (b) The percentage change of NPV for sensitivity analysis 
 
 
The sensitivity analysis result of Monte Carlo simulation using software @RISK with iteration of 10 000 
describes mean of IRR and percentage change of IRR for sensitivity analysis as shown in Fig.4. 
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Fig. 4. (a) The mean of IRR for sensitivity analysis; (b) The percentage change of IRR for sensitivity analysis 
 
 
The sensitivity analysis that considers the risks described that the capital investment cost and O & M cost is 
sensitive to changes.  Therefore, these conditions affect the change. Meanwhile equity portion, debt portion and loan 
rate are not sensitive so that they do not affect the change. 
5. Conclusion 
The results of the financial analysis based on Scenario 1 with NPV value of USD 70 422 642.3 and IRR value of 
11.38 % have the most optimal result (feasible to be implemented). Analysis that considers the risk has a positive 
probability distribution value of NPV reaching 89.3 %, while the probability distribution of IRR is above the 
discount rate reaching 89.3 %. Sensitivity analysis shows that the capital investment cost and O & M cost have 
significant value which is quite influential for the changes, and it should be considered in the risk modelling and by 
policy makers. 
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